This study aims to investigate the correlation between the size of four forest fragments in northern Paraná with the richness, diversity and relative abundance of bats community. Monthly collections were performed for each fragment from July 2008 to June 2009, with the use of eight mist nets, comprising 160 m 2 of exhibition area, totaling 192 hours. The capture effort was equal to 7,680 m 2 /h. The richness was analyzed according to the number of species, the diversity was obtained by the Shannon-Wiener index and the relative abundance was calculated by dividing the total of individuals captured by the captures effort. Simple linear regressions were performed to verify the effect of the independent variable in relation to ecological parameters mentioned above. The largest fragment had a higher abundance and higher gross value of diversity index. It is possible that the adult individuals of uncommon species be the last in the area and that, due to the reduction of their habitats, their local populations will disappear in the future. Therefore, the maintenance of fragments, regardless of size, is essential for the conservation of bat communities.
Introduction
The overall process of habitat fragmentation has affected profoundly the bat communities that once inhabited nearly continuous areas and now need to survive in a landscape consisting of "isolated islands", mostly (MACARTHUR; WILSON, 1967) . In the State of Paraná, the area covered by the original forest has been drastically reduced since 1930, due to the expansion of agriculture and urbanization. According to Fundação SOS Mata Atlântica and Instituto Nacional de Pesquisas Espaciais (INPE), in a report published in 2010, the remaining area of the biome is of 10.52%, including sandbanks and mangroves, besides forests. A few fragments of original forest still exist and those that stand out for their size are the Mata dos Godoy State Park (680 ha), San Francisco State Forest (832.57 ha) and Monte Alegre Farm (126, 373 ha) , plus the last two major areas, the Iguaçu National Park (170,086.76 ha) and Serra do Mar Forest (386,000 ha), which still support a considerable diversity of bats (REIS; PERACCHI; SEKIAMA, 1999; SEKIAMA et al., 2001; FOGAÇA, 2003) .
A relationship usually found for several taxonomic groups, is the species-area, which assumes a strong relationship between the area used by a community and the richness and diversity found (PAGLIA; FERNADEZ; DE MARCO-JUNIOR, 2006) . In the studied region, some works have aimed to compare the number of bat species with the size of the fragments, being among them: "What is best to keep the richness of bats (Mammalia, Chiroptera): a large forest fragment or multiple fragments of small size? ; "Diversity of bats (Chiroptera: Mammalia) in forest fragments in the state of Parana, Brazil (REIS et al., 2000) ; "Is the area of the Arthur Thomas Park, with its 82.72 ha, sufficient to maintain viable chiropteran populations?" (FELIX et al., 2001 ). The authors mention that a large environment, with primary forests, is better structured to accommodate species than a small one, but they emphasize that apart from size, the quality of the fragment and the availability of resources also influence the amount of species, a fact which had already been observed in the Amazon by Zimmerman and Bierregaard (1986) .
Another relationship that can be found is between fragment area and the relative abundance of species. Rare is the research that aims to accomplish this association in Paraná, being the one entitled "Richness and abundance of bat species in fragments of semideciduous forest of Paraná river, southern Brazil (ORTÊNCIO-FILHO, 2008) , one of the most current. Particular care should be taken when considering the abundance of some communities, as in frugivores, this seems to be directly related to the spatial and temporal availability of fruit consumed by them (GAZARINI, 2008) . We believe that for a real analysis on the abundance, seasonal samples should be performed.
This paper aims to: analyze the diversity, richness, relative abundance of bats from four small fragments and verify if there is a correlation between the size of the fragments and the variables mentioned.
Material and Methods

Study Area
Samples were taken at four forest fragments, distributed in three municipalities in northern Paraná ( Figure 1 ):
located in the municipality of Rolândia, it has about 15 ha and is surrounded by agricultural activities;
2) Horto Florestal of the State University of Londrina (23°19'45"S/51°12'25"W): located westbound to the city of Londrina, with 10.4 hectares; it is in the outskirts of the city;
3) Sítio Santana (23°20'7"S/51°16'44"W): located in the municipality of Cambé; it has 5.9 ha and is surrounded by agricultural activities; 4) Parque Municipal Histórico de Cambé (23° l7'56"S/51°16'43"W): it borders BR-369 to the north, with 5.4 ha; it is near the urban area surrounded by farms and agricultural activities. The four areas are close to each other, with maximum linear distance of 20 km, and therefore have similar characteristics in relation to climate and vegetation. According to Köppen's classification, the climate is humid subtropical and all fragments are remnants of semideciduous forest, which has highly diverse tree flora, compared to other forest types (GUSSON, 2007 The nets were set on trails and searched at intervals of 15 minutes, to avoid the stress of animals stuck to the net and prevent damage to the nets, caused by them.
The captured animals were identified in the field with the aid of keys produced by Vizotto and Taddei (1973), Jones and Carter (1976) and Reis et al. (1993) .
Data Analysis
The richness was analyzed according to the number of species. The relative abundance of bats for each fragment was calculated by dividing the total of individuals captured by the capture effort, adapting to the one proposed by Aguirre (2002) . The diversity was obtained using Shannon Winner (H') calculated from the program DiVES 2.00.0105 2009.
Simple linear regressions were performed to verify the effects of the independent variable (area) in relation to species richness, diversity and abundance, with a significance level of 0.05, which were calculated using the program R 2.12.1 2010.
Results
Four hundred and ninety-five individuals from 11 species were captured, distributed among the families Phyllostomidae (92.72%) and Vespertilionidae (7.28%). Among the bats, Sturnira lilium (E. Geoffroy, 1810) proved to be the most frequent captures, with 40% of individuals, followed by Artibeus lituratus (Olfers, 1818) (23.9%), Carollia perspicilata (Linnaeus, 1758) (23.2%) and Myotis nigricans (Schinz, 1821) (7.4%). The rest of the species had a low rate of capture, adding up to 5.5% (Table 1) . The species richness did not achieve significant association with the area (R2 = 0.7414; p> 0.05), as well as species diversity by the Shannon index (R2 = 0,445, p> 0.05). However, we found that diversity was small in all the fragments, since the lower the index value, the lower the diversity sampled. However, the Sítio Cazado, the largest fragment (15ha), had the highest gross value of the index. The relative abundance showed a significant relationship with the size of the fragments (R2 = 0.9313, p<0.05) ( Table 2) .
Fregonezi, M. N. et al Table 2 -Species richness, relative abundance and diversity index found in the four studied remnants.
Fonte: dos autores.
Discussion
There was a greater capture of individuals of the family Phyllostomidae, because the nets were set up in the understory, which favors the capture of bats using this stratum and where the main plants used as food for this family (TAVARES, 1999; SÁNCHEZ, 2001; STRAUBE; BIANCONI, 2002) . These bats are adapted to the use of secondary plants such as Solanaceae, Piperaceae, Cecropiaceae, which are constant in these types of altered fragments (MARINHO-FILHO, 1991; REIS, 1992; WILLIG; CAMILO; NOBILE, 1993; ZORTÉA; CHIARELLO, 1994; PASSOS et al., 2003) . Still, phyllostomids represent 47% of existing species in the state of Paraná (MIRETZKI, 2003) . Regarding vespertilionids, it was expected a smaller number of individuals, because they detect and avoid the nets (GREENHALL; PARADISO, 1968; PEDRO; TADDEI, 1997; STRAUBE; BIANCONI, 2002) .
The species richness did not achieve significant association with the area, as well as what was found for the diversity, contrary to expectations, because according with "island biogeography theory", proposed by MacArthur and Wilson (1967) , which was adapted to terrestrial environments, larger areas tend to have more richness for they support a larger diversity of habitats. The increase in specific species richness may be related to productivity and food availability, but a more productive environment may have a higher rate of supply of resources, but not a greater variety. This leads to an increase in the number of individuals per species, and not an increase in the number of species (TOWNSEND; BEGON; HARPER, 2006).
According to relative abundance, it was observed a positive association with the size of the fragments. In a study performed in French Guiana, with nectar and fruit bats, it was found that the anthropic alterations have caused a reduction in the abundance of some species, usually rare (COSSON; PONS; MASSON, 1999) , corroborating with our results, showing that larger environments, have higher abundances. The fragmentation can influence the abundance of bats with some adaptation to altered environments, as in Artibeus planirostris (Spix, 1823), A. lituratus (Olfers, 1818), C. perspicillata (Linnaeus, 1758), S. lilium (E. Geoffroy, 1810) and M. nigricans . Therefore, it is possible that the adult individuals of uncommon species be the last in the area and that, due to the reduction of their habitats, their local populations will disappear in the future (ORTÊNCIO-FILHO, 2008) .
Deforestation causes firstly immediate loss of the species, then the isolation of populations. In the long term it is possible to observe the action of "vortex" of extinction, such as loss of genetic variability by inbreeding and loss of flexibility for evolutionary responses, which are factors that cause the disappearance of local populations (GILPIN; SOULÉ, 1986) . Despite this, one can see that eleven species were captured in altered habitats, that is, they can establish themselves even in small and fragmented environments. However, the largest fragment showed greater abundance, and diversity was small in all fragments.
It is also worth mentioning that bats are considered K strategists, as they have low reproductive capacity, low number of offspring and long lifetime, and they respond more strongly to the biotic components of the ecosystem (FINDLEY, 1993) , therefore requiring a more stable environment to survive. Thus, we conclude that there is an increasing need for reforestation and maintenance of existing fragments, since if the conservation of habitats does not occur in the near future, there will only remain populations of well adapted species.
